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(54) Ink-jet printing method and apparatus 



(57) Disclosed are an ink-jet printing method and 
apparatus for jetting ink successively from nozzles 
(1-1,1-2) of an ink-jet head at a prescribed frequency 
and forming each of a number of pixels by a plurality of 
dots conforming to the tone of the pixel. Each nozzle 
(1-1,1-2) of the ink-jet head has a heater A (607,611) 
and a heater B (609,613). Printing is performed by 
changing the number of heaters actuated to jet an ink 



drop, thereby to control the formation of a large or small 
dot by each nozzle (1-1,1-2), and by changing the meth- 
od of driving the heaters A (607,61 1 ) and B (609,61 3) in 
dependence upon the density of the ink used. In regard 
to the timings at which the large and small dots are 
formed by each nozzle (1 -1 ,1-2), the small dot is formed 
first. As a result, the large and small dots can be made 
to overlap so that an image having excellent tone repro- 
ducibility can be printed. 
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D scription 

BACKGROUND OF THE INVENTION 



r*c^^™£*7^:T Primin9 aPParatUS ,0r by jetting ink onto a 

sucn.^^ 

printing an image comprising the dote Sue a , OKk,S ' hea.mg elements or wires, etc.), thereby 

technique used as an apparatus JS^^S^SiST^^ * C ' aSSi,ied ' d6pendin9 ° n ,he recordi "9 
apparatus of the ink-jet type (referred to as an ink et^ in^' 1 T ° r laSer be3m type ' e,c Amon 9 these ' 'he 
nozzles of a-print head aSclu^S^Sk to3ta^.tT !f Bpt * J ? B l ° jet ink < the recordi "9 fluid) from the 
A number of studies have been made for tie ouZl ,* 9 mad,um, ° ther6by an ima9e on ,he medi "™ 

Printing a color image using suchTn^Het p^fTellT™ 9 ° f 3 CO,or 9raphics °"P" when 

recent years involves erthe? raising paint %rfo^^Zlt,n Pr ° P ° Sed and put into praclice " 

color printing mode or raising the ?eso u £ Tot ™ oLl aS 9 L eS ° IU,, ° n W * ar tha " ,hat ° f an ordinar V 
apparatus as print data and providing* muHHave 7Z^ou^S^ ? mU,,i ' eVel ima9e data to ,he P*^9 

dots of the different size are referred to as "subpixels- ) 3 differem ' ^ ° rd ' nary d ° l 

size. (The 

though this method can J Z£££5ZZ S » th nZLZV™ ima 9 a '°™Uon. However, 

color control becomes very complex f use is made If Zf„ 68 possessed b V the ink-jet head is one per 

In order for each nozzle toTet ink Z °, , 3V ' n9 9 P ' Urality ° f nozzles for each 
direct control by a CPU S ^ b e f the number ofToSL" ^ ^ ^ S ^ kilohertz Th °<^ 

necessary in view of preceding ^Xo ^ ^ToTSZ * " Sma "' * bCCOmeS inCreasin 9'* 

nozzles is increased. Further, if the amounTof tn Tie ted <£JZ S " Ch 38 3 93te arra V as the ntJ ™^ of 
dots, this is carried out by changing 2 wid t *oT£TSS£^ 7 IM* * ^ m ° dUtatod l ° f ° fm ,ar9e and sma " 
which the driving elements ^^Z^S^SSSZ ZZlT'V " Chan9i " 9 0Ver ^ timin9 3 « 
that the head be internally provided with two drive^al^ 9 , 6 t,m ' n9 ' S Chan9ed over - rt is 

forsmalldots. If the numbe of nozzles is ZreaZ^ZZ^T' T*' ^ b ™ g f ° r ,ar9e do,s and ™ 

The end result is print head circuity - o name ^sca.e fnd an ^nH ? 3 S ° inCr63SeS by 3 « ta ^«"** ™'«P<a 

The method of changing ^e Z^S^^r^r^ ' nCreaSe the C ° S ' °' ,he print head 
the nozzles individually. Consequ^the sfno^ s LaMine thlu ^T^/ ^ HneS in order to con "°' 

(which is equivalent to the number o nozztes) T S nS kes nel« " ^ beC ° meS SeVer3 ' hundred si9nal line * 
head and its cable, an equivalent numbe of lines in^h Sf^ eqU,Valen, number of contacts be <ween the 

isca'^™^^^ 

large dots and scans which ^^^t^^ n^^^ C ° mbinin9 SC3nS whi " h fo ™ 

an image through a simple arrange^enT^ Soweve^ ^XfZiST* ^ Pfim ^ miXin9 ,ar9e 3nd Sma " d0ts in 
a longer period of time is needed for printing ^ reqU ' feS "'^ SC3nS ° f ,he print head ' 

fomieo al posiliws offset ffom on. anom., Thfc .If . a "" S 13 ,ha ' *• la, 5° a " a ! ™» *>t» ate 



SUMMARY OF THE INVENTION 



cootrol. P y ~" l ° rmin9t ° lh « IOTe °'' h «P«ol"si"9aaimptea,,angem«,laoaahiplo 

oo>a *o.a a„ m a,a, s con.o™ ,'o ,h. lava.a oTZ,2a? p " «. 8 " >™*> ** " <""'*«> °> 
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using overlapping dots of large and small diameters to form the pixels. 

According to the present invention, there is provided an ink-jet printing apparatus in which ink jetted from an ink 
nozzle of a print head is made to adhere to a r cording medium to form a pixel on the recording medium by the adhered 
ink, comprising: 

scanning means for scanning the print head: which has a plurality of the ink nozzles, in a main-scan direction: 
and drive means : provided in correspondence with each nozzle of the print head, capable of successively jetting at 
least two inks of mutually different velocities from the ink nozzles at prescribed timings in synchronization with scanning 
of the print head by the scanning means in order to form the pixel from a plurality of dots; wherein distance between 
the ink nozzles and the recording medium, the prescribed timings at which the at least two inks are jetted and the 
velocities at which the at least two inks are jetted are controlled so as to satisfy a predetermined relationship in order 
that the at least two inks successively jetted from the print head by the drive means at the prescribed timings will adhere 
to-the recording medium within the pixeh 

Further, the present invention provides an ink-jet printing method in which ink jetted from an ink nozzle of a print 
head is made to adhere to a recording medium to form a pixel on the recording medium by the adhered ink, comprising: 
a scanning step of scanning the print head in a main-scan direction; and a drive step of successively jetting at least 
two inks of mutually different velocities from the ink nozzles of the print head at prescribed timings in synchronization 
with scanning of the print head in order to form a plurality of dots which form the pixel; wherein distance between the 
ink nozzles and the recording medium, the prescribed timings at which the at least two inks are jetted and the velocities 
at which the at least two inks are jetted are controlled so as to satisfy a predetermined relationship in order that the at 
leasl Iwo inks successively jetted from the print head by the drive step at the prescribed timings will adhere to the 
recording medium within the pixel. 

Other features and advantages of the present invention will be apparent from the following description taken in 
conjunction with the accompanying drawings, in which like reference characters designate the same or similar parts 
throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 



The accompanying drawings, which are incorporated in and constitute a part of the specification, illustrate embod- 
iments of the invention and, together with the description, serve to explain the principle of the invention 

30 

Fig. 1 is a block diagram illustrating the configuration of a printing system which includes a host computer and a 
printing apparatus according to an embodiment of the present invention; 

Fig. 2 is a perspective view showing the external appearance of the recording section of an ink-jet printing apparatus 
according to this embodiment; 
35 Fig. 3 is a perspective view showing the construction of a head cartridge according to this embodiment; 

Fig. 4 is a diagram illustrating the electrical connection between the head cartridge and the printing apparatus 
according to this embodiment; 

Fig. 5 is a flowchart illustrating the processing of print data in a printer driver according to this embodiment; 
Fig. 6 is a block diagram showing the construction of a circuit board in the head cartridge according to this em- 
40 bodiment; 

Fig. 7 is a sectional view showing an example of the construction of a nozzle in a print head according to a first 
embodiment of the invention; 

Fig. 8 is a diagram useful in describing a deviation in ink jetting position; 

Figs. 9A, 9B and 9C are diagrams useful in describing a difficulty brought about by forming a large dot first and 
45 then a small dot when forming a pixel by a plurality of dots; 

Figs. 10A, 10B, IOC, 10D and 10E are diagrams useful in describing a deviation in dot position in a case where 
first a small dot is formed and then a large dot in this embodiment of the invention; 

Figs. 11 A, 11 B, 11C and 11 D are diagrams useful in describing a deviation in dot position caused by a difference 
in velocity between an ink drop for forming a large dot and an ink drop for forming a small dot; 
50 Fig. 12 is a diagram useful in describing examples of head drive conforming to the type of cartridge (ink) in an 

embodiment of the invention; 

Fig. 13 is a diagram useful in describing timing for driving the nozzles of a print head in a printing apparatus 
according to an embodiment of the invention; 

Fig. 14 is a diagram illustrating rows of dots printed at the timing of Fig. 13 in the printing apparatus of this em- 
55 bodiment of the invention; 

Fig. 1 5 is a block diagram illustrating the construction of a print data processing circuit within the printing apparatus 
of this embodiment; 

Fig. 16 is a diagram for describing nozzle drive timing when printing is performed by a print head according to this 
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embodiment; 



Fig. 17 is a diagram for describing an example of outputs obtained by decoding 2-bit print data 
Fig. 18 is a diagram for describing a multiple-pass printing method 

Fig. 21 is a flowchart illustrating l^XS^^^^^"* to < hiS embodim ^ 

F!g 9 s1 3 i r23 0 B W a n h dl3C^t SCrib ; n9 T^ 9 " ^ aCCOrdi " 9 » this embodiment; 

to this ^m'bSfmim ^ " SeCt,0na ' V ' eWS Sh0Win9 6Xamp,eS °' nozzle -rangements in a print head according 

^^^^^^^^ - image b y two in k drops of the same amount of 
e^nTo^Tol POSiti ° na ' -arge, medium and sma„ do,s according to a third 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Ing^STS^^ Wi " n ° W bG With reference to lhe accompanying draw- 

pattems on a rSpadt. " ^ f ° rm " ^ °' n0t ° n ' y CharaC,erS ' s V mbols « «HW buUmage 

presen 9 , °' 3 ^ wording to an embodiment of the 

^Tp^ 

a case where image data that has been created u^TSi - r ? ( } J ° W ° f da,a wi " be ^^ribed for 

images, is output to a printing apparaTusTa p^£S%?!£Z^ ^ " M * * ** handHn9 pictorial 
apparatus. 3 3 pr,n,er dr,ver 103 so tnat tn e "mage may be printed by the printing 

the P^d^ is pictorial data, the data is sent to 

data recerved from the -pSe^JS^f^^^?^ C °*° r X ° ,he mu,,ilevel RGB 

ified by the controller software 104 generates ink iett!no ^!TS jj the pnnt.ng mode and data structure spec- 
a head cartridge 106 As a result ik*h7J« V * T£ P Up0n ,hlS ,mage da,a and out P u,s the P"'ses to 

conforming to things da a o n SSSS ium TJZE? ° f C ° rres P ondin 9 «*» to print a color image 

acccX*^ 

to reveal the interior of the J apparatus ' ^ °' ,he WH- printing a PP aratus has b ^ ™ed 

The T h h e e ad a Sg S e nslgui^ I J"* COrreSponds - < ba Cartridge 106 in Pig. 1, 

head cartridge 1 attached thereto a^d moves 2 h S? .T"" 9 ' ^ 3 Pnn ' h63d A Carria9e unit 2 has ^ 
is for securing the head ^^^^^^^^ M r ^ PSrt0rm <™""9- A ™" 3 
the head cartridge 1 is mounted in the caSI^e , dgS f ' X ' n9 lever 4 More specifically after 

cartridge 1 to the carriage unT 2 J,* Sons 1 heL , f " 9 4 " OPerated l ° secure the head 

head cartridge 1 and the carnlge un TTS^^S^T , ^ eSlat " iSheS e ' eClriCa ' C ° nlaC ' between ,he 
motors is roLed to move the carriage IZmZ^TZS'"" '° ^ Carria96 Unlt 2 A Carria9e 

movement by the carriage motor 6 to^S^^^^^T^l ™ * be " 7 iS d " Ven into 

carriage unit2so that mec* rr * g eun«2Tc^^ leftward and nghtward. A guide shaft 8 supports the 

the home posrtion of the carriage unit 2 A S shieL n f, h T P SenS °' 9 haS 8 P hoto ^P'er for deciding 

arrives at the home position the Jght sh* f c £ off hfLhT ° 9 ^ h ° mG P ° Si, '° n WhCn thG Carria9e unit " 
carriage unit 2, whereby the act ha t ft. c^riaae un« ? h 9 IT" 19 '" 9 UPOn P hotocou P'e' Prided on th 
unit 12 includes a recover mechan s^ for the nrint L ^TT * ^ h ° mS P ° Siti ° n iS SenSed A home P osi «°" 
discharging the recording Z^^ Zg^^Trt l^ ^T* " * W 13 iS f ° r 

and spurs ( not shown) so as to J ^^XTTJrjS^ 
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recording medium a determined amount in the sub-scan direction. 

Fig. 3 is a detailed view of the head cartridge 1 used in this embodiment of the invention The head cartridge 1 
includes a replaceable ink tank 15 for the color black (Bk), and a replaceable ink tank 16 containing inks serving as C, 
M and Y colorants. The ink tank 16 has ports (colorant supply ports) 17 connected to the head cartridge 1 to supply 
5 the inks. The ink tank 15 has a port (ink supply port) 18 connected to the head cartridge 1 to supply the ink. The ink 
supply ports 17, 18 are connected to supply tubes 20 to supply a print head section 21 with the inks. A contact portion 
1 9 for electrical signals is connected to the flexible cable 5 (see Fig. 2) so that various signals may be sent to the head 
cartridge 1 . 

Fig. 4 is a detailed view showing the contact portion 1 9 of the head cartridge 1 . 
10 The contact portion 1 9 is provided with a plurality of electrode pads through which such signals as a signal relating 

to ink jetting and an ID signal for identifying the head cartridge 1 are exchanged with the ink-jet printing apparatus per 
se. By checking the state of conduction via the contact portion 1 9 shown in Fig. 4, it is possible to sense whether the 
head cartridge 1 has been replaced. 

Fig. 5 is a flowchart illustrating an example of image processing by an image processing module in the printer 
is driver 103 of this embodiment. 

An RGB luminance signal is applied as an input signal in which one pixel consists of a total of 24 bits : where the 
pixel has R : G, B components each represented by eight bits. Luminance-to-density conversion processing is executed 
at step SI 01 to convert this input signal to a 24-bit density signal having C, M, Y signal components of eight bits each 
or a 32-bit density signal having C, M, Y, K signal components of eight bits each. Masking processing is executed at 
20 step S102 to apply a correction for unnecessary color components in the pigments contained in the CMY colorants. 
This is followed by step S103, at which UCFt/BGRprocessing is applied to remove undercolors and extract the black 
component. Amounts of primary and secondary colors printed in regard to each pixel are limited at step S104. Here 
the primary color is limited to 300% and the secondary color to 400%. 

This is followed by step S105, at which an output gamma correction is applied to linearize the output characteristic. 
Control then proceeds to step S106, at which 8-bit signals are subjected to halftone processing to convert the data of 
each of the colors C, M, Y, K to 1-bit or 2-bit signals. This halftone processing is executed using a method such as 
error diffusion or dithering. 

Fig. 6 is a diagram showing the flow of signals within the head cartridge 1 of the ink-jet printing apparatus according 
to this embodiment. Of particular note here is that two heaters (heaters A, B) for ink jetting purposes are provided for 
30 each single nozzle and the heaters produce approximately identical amounts of heat. A case will be described wherein 
printing is carried out while changing the size of jetted ink drops by changing over the number of heaters driven. In 
another possible embodiment, a plurality of heating resistors (heaters) which produce different amounts of heat may 
be provided for each nozzle and the amount of heat produced may be controlled by driving the heaters selectively, 
thereby changing the amounts of ink jetted from the individual nozzles. Further, the method of jetting ink is not limited 
to the thermal method of this embodiment. For example, a technique relying upon piezoelectric elements may be used. 

Fig. 6 shows a heater board 601 of the print head (the head cartridge 106). Image data 621 to be printed is sent 
to the heater board 106 serially in synchronization with a clock signal 622 from a controller (Fig. 1 5: CPU) of the printing 
apparatus. The image data 621 is transferred to and held by a shift register 602. When all image data that is to be 
printed at a single print timing has been sent to and stored in the shift register 602, the controller outputs a latch signal 
40 (LACLK) 623 and the data that has been stored in the shift register 602 is latched in a latch circuit 603 in sync with the 
latch signal (LACLK) 623. Next, the image data that has been stored in the latch circuit 603 is subjected to specified 
grouping through a variety of methods so that discrete dots will be printed by using the image data. The output of the 
latch circuit 603 is selected and output to each heater driver in accordance with a block selection signal (BLOCK) 624. 
An odd/even selector 605 selects and drives the odd-numbered or even-numbered nozzles of the print head, depending 
upon a selection signal (O/E) 625. In a case where the example of the circuit arrangement for the print head used in 
this embodiment is such that two ink jetting heaters A, B are provided for one nozzle and the amount of ink jetted from 
each nozzle is changed over, modulation is carried out by changing over the number of heaters used. 

It is preferred that the shift register 602 and latch circuit 603 each be capable of holding a number of bits that is 
twice the number of nozzles (when one pixel is composed of two bits). 

Various methods of controlling the size of printed dots can be conceived of in view of the arrangement described 
above. Here, by way of example, the arrangement adopted is such that if only an ink jetting heater 607 is driven by a 
heating enable signal (HEA) 627 via a driver A 606 where a first nozzle 1-1 is taken into consideration, a smalt dot will 
be formed of ink jetted from the nozzle 101. If ink jetting heaters A 607 and B 609 are driven approximately simulta- 
neously by the heating enable signal (HEA) 627 and a heating enable signal (HEB) 628 via drivers A 606 and B 608, 
ss a large amount of ink will be jetted from the nozzle 1 -1 to form a large dot. Similarly, in regard to a second nozzle 1 -2, 
a small dot is formed when only an ink jetting heater A 611 is driven by a driver A 61 0, and a large dot is formed when 
ink jetting heaters A 611 and B 613 are driven approximately simultaneously by the driver A 610 and a driver B 612. 
Fig. 7 is a diagram showing the arrangement of the nozzle 1 -1 of the ink-jet head according to a first embodiment 
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2?S?7 hL h ,:f A er R S o A 7 6 ° 7 i B T Pr0dUCin9 app ™ el * the same amount o, heat are provided 
at » ™.r V . u 607 IS P ' aCed at a posi,ion near a noz7le orifice and the heater B 609 is placed 

Sissss. ormce ia ,i shou,d be noted that the ink - jet head - «* -y b/as 

teTead^ 

he nead to a iSS^J^TT? ^ ' ^ dGViati0n ,r ° m 3 POint 801 ' 31 Which the ink dro P is Ud from 
Furth^ C ^ . 6 ' nk dfOP reaChes ,he recordin 9 me dium 800 after being jetted from the head 



Vc (mm/s) = {25.4 (mm)/N) x f 

V2 theTe'locUy 1 ciTJ^TS'S T"? °' ' ^ ** f ° rmin9 3 lar9e d0t) ' e,,ed fram tne and 

me velocity of a small ink drop (for forming a small dot) jetted from the nozzle fwhen* viws\ hniHc tk« ♦ 

d1 (mm) = Vc x L/V1 

d2 (mm) = Vcx L7V2 

d2 - dl = VC-LQ/V2 - 1/V1) 

= (25.4/N) -f -L(l/V2 - 1/vi) (mm) 

we have ,en9 ' h " ^ PiX6 ' ^ ^ " P ° Si,i ° nal ° ffSet (d2 " d1 > is ex P ressed in terms of pixel length, therefore, 

(d2-dl)/ (25.4/N) = f. L (l/V2 - 1/VI) (pixels) 

= f-L(Vl-V2)/Vl-V2 ... Eq. (1) 

It has been verified that if the amount of positional deviation between the centers of the two dots rthe la™ 

tZsLT d0,) " l6SS ,han 05 PiXe '' ^ Up ° n ,he ^ of the P**- -9S wm b nil even ' Mhe dots o 
1 decl ne in'^ ^ .I f " a,,emati ° n " ,hiS rela,ionshi P is a PP'-d to Equation (1 ) above, it will be Z££££ 
a dechne >n the quality of a pnnted image can be prevented provided that the following condition is satisfied 

-0.5 (pixel) = f-L (V1-V2)/V1 V2 - 0.5 = 0.5 
Or, more specifically, providing that the following condition is satisfied: 
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0 = f.L(V1-V2)/V1-V2= 1.0 
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Figs. 9A, 9B and 9C are diagrams useful in describing the positional relationship between large and small dots in 
a case where the large and small dots for one pixel are jetted from one nozzle at equal time intervals (each corre- 
sponding to 0.5 pixel) to form first the large dot of the pixel and then the small dot of the pixel when the print head is 
scanned from left to right in these drawings. 

Fig. 9A shows the positional relationship between the dots when the small dot is formed after the larger dot under 
conditions in which the velocities of the large and small ink drops are the same (normally not possible) or in which the 
distance L between the nozzle tip and the recording paper is zero (normally not possible). In this case the large and 
small dots are formed in such a manner that their centers are spaced apart by 0.5 pixel. Fig. 9B shows a case where 
a positionai deviation of 0.25 pixei<has been caused by a difference in the velocities of the large and small drops (the 
large drop has the higher velocity) and the distance L between the nozzle tip and the recording paper. Here the large 
dot and the subsequently formed small dot have a spacing of 0.75 pixel between their centers. Fig. 9C shows a case 
where a positional deviation of 0.5 pixel has been caused by a difference in the velocities of the large and small drops 
and the distance L between the nozzle tip and the recording medium. Here the large dot and the subsequently formed 
small dot have a spacing of approximately one pixel between their centers. 

By contrast, Figs. 10A, 10B, 10C, 10D and 10E illustrate examples in which the problem of dot offset caused by 
a difference in the velocities of the large and small drops and the distance L between the nozzle tip and the recording 
medium is solved by forming the small dot for a pixel by jetting first the small ink drop from a given single nozzle and 
then forming the large dot for the pixel by jetting the large ink drop from the same nozzle. 

Fig. 10A illustrates the positional relationship of the dots in a case where the small dot is formed after the large 
dot under conditions in which the velocities of the large and small ink drops are the same (normally not possible) or in 
which the distance L between the nozzle tip and the recording paper is zero (normally not possible). In this case the 
large and small dots are formed in such a manner that their centers are spaced apart by 0.5 pixel. Fig. 10B shows a 
case where a positional deviation of 0.25 pixel has been caused by a difference in the velocities of the large and small 
drops (the large drop has the higher velocity) and the distance L between the nozzle tip and the recording paper. Here * 
the small dot and the subsequently formed large dot have a spacing of 0.25 pixel between their centers and the small 
dot falls within the large dot. Fig 10C shows a case where a positional deviation of 0.5 pixel has been caused by a 
difference in the velocities of the large and small drops and the distance L between the nozzle tip and the recording 
medium. Here the small dot and the subsequently formed large dot are formed with their centers in approximate co- 
incidence. Fig. 10D shows a case where a positional deviation of 0.75 pixel is produced. Here the small dot and the 
subsequently formed large dot have a spacing of 0.25 pixel between their centers. Fig. 10E shows a case where a 
positional deviation of 1 .0 pixel is produced. Here the small dot and the subsequently formed large dot have a spacing 
35 of 0.5 pixel between their centers. 

Thus, if a large ink drop corresponding to one pixel is jetted first and then a small ink drop corresponding to the 
same pixel is jetted next, i.e., if the ink drop (large ink drop) having the higher velocity is first, as shown in Figs. 9A 
through 9C in a case where one pixel is formed using a large dot and a small dot, the spacing between the large and 
small dots formed lengthens and each dot can be recognized as an individual dot. This produces a grainy appearance 
that lowers the quality of the image formed or causes the image to present a striped pattern or unwanted texture. 

By contrast, according to this embodiment, when one pixel is formed, first the small ink drop corresponding to the 
pixel is jetted and then the large ink drop, as shown in Figs. 1 0A through 1 0E. In other words, the small ink drop having 
the low velocity is jetted first to form the small dot first, then the ink drop having the high velocity is jetted to form the 
large dot next When this is done, the large and small drops are formed in approximate superposition or are closely 
formed. As a result, a high-quality image free of graininess can be formed while the tone of the pixel is reproduced. 

Figs. 11 A, 11B, 11C and 11D are diagrams illustrating an example in a case where printing is performed while 
moving the print head from left to right in the drawings. These diagrams are useful in describing a deviation in the 
formed dots based upon the difference in velocity between the small ink drop (for the small dot) and the large ink drop 
(for the large dot). 

Fig. 11 A is a diagram illustrating an example in which a ruled line formed longitudinally at a width of two large s 
dots is drawn in a uniform halftone pattern of small dots. Frames indicated by squares of solid lines in Figs. 11 A-11D 
indicate the rightful dot formation positions for which large dots are the reference. Fig. 11 A shows a case where first 
a small ink drop is ejected and then a large ink drop. Here the small ink drop precedes the rightful formation position , 
by 0.5 pixel (the large dots are formed at the rightful positions) so as to form a small dot. In this case the velocities of 
55 the ink drops for forming the large and small dots are the same (normally not possible) or the above-mentioned distance 
L is zero (normally not possible). A white stripe is produced between the large and small dots. At the moment the 
changeover from a large dot to a small dot is made, partial overall between the large and small dots occurs. 

Fig. 11B illustrates a state in which the dots have been formed at their ideal conditions because the velocity of a 
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a case in which a ,a r9 e do, is formed 

not possible) or the above-menfonec S^TjKJS^T^ T S ™" are ,he same (norma,, V 
by 0.5 pixel. Fig. 11D illustrates Teas ?I vl^rh .LI ^. n0t P ° SS ' b ' e) ln ,his case ,he sma « ** precedes 

from the righ tJ posit™ ^^J^^^Jl ^ ,ha f™« «* - formed is delayed by 1.0 pixel 
ink drop. Two pixels are formed in sCrpo o TZ^nt^TJ^ " C " to " ,han ^ °' a ^° 
Conversed a white stripe having a width of one pixel i ToZ ed afth 3 ! ** * 3 is made 

small dot is made. It should be noted that tf?h ceme toSnt^H , * chan 9 eover "™" a <arge dot toa 

less than 0.5 pixel, the white strio^wil not bl LTl !, St8nCe ° f ,he large and sma " dots <°rmed is 
quality. P * W " 1 001 bS Very notlce a°le and there is essentially no problem in terms of image 

Printing according to this embodiment will be described with reference to Figs 7 and 12 
(10- mere) of ink from tto^V^gJ^*^ ^ 12 > <° » approximately^ p. 

40 pfj SETS ?n\h^a 9 se C ; , et VlT B * ***** PU,S6S 1 2 > » * 
to form a large dot and let V2 (T 5 nS? rJn LliT* 7* fePreSent ,hS VelOCity at Wnich a lar 9e ink drop is jetted 
If the spacing" L between the J^SS^SS^^' "* " j6tted ,0 ,0rm a sma " d0 < 

is driven is equal to 6.5 kHz, then we'have the SS^^ 

M.(V1-V2)/V1.V2 = 0.47 

and a tone pixe, can be printed by obtaining overlap between the large and small dots tha, is near idea,, as shown in 
contaT/h^ 

1a shown in Fig. 7 is driven by a s^^F £^ ^ * 607 near ,hS ° fifiCe 

thereby forming a small dot. When a lame dot is to bl forrlL Tk 1 1^.1 a PP rox,ma tely 17 pi from the orifice la, 
and the heater B 609 by a double puts > Rq V 2 therehl LT f * 6 ° 7 * ^ by 3 Sin 9 ,e P u,se < Fi 9- ^) 

la. thereby forming the large dot As a resu ft era n Less of S ^ 7 k . d,op °' a PP^^ately 39 pi from the orifice 

L between the recording mediurrS nozzle tin s eoS o 1 < 9 "f^" d0t * made V2 (= 7 "*> lf the pacing 
equal to 6.5 kHz, then we ha^rSSj Ke^SS (1)™ *" ' 31 "** ,hS h6ad iS *™ is 

f-L-(Vl-V2)/Vl.V2^0.64 
and a positional deviation approximately midway between that of Fios 1 nr an H 1 nn 

arises. However, by .owering the drying frequency to 5.2 kHz to 'Zolf^ZZ^ "° ^ 

45 f-L(Vl-V2)/Vl-V2 = 0.51 

is obtained and a tone pixel closer to the ideal (Fig. 10C) can be printed 
dotsi^se^ 

cartridge, the ink jetting velocities V1 , vTaZteT^Zly i L ^ abo — t-ned photo 

eJS^^S^ ToZT" 9 ' S Perf ° rmed by 3 ° f -"9 ^ print head of the head 

nozzS. 1 3 " 3 timin9 d ' ag,am in ink ^ of a certain period us,ng a print head having 16 

drivel blc^r^ ^ndT 8 ' ZT^ * * ' * S ° - ^ ^ - 

As the nozzle numbers increase, so dc the b. "k numbers to 2 ? ? 0022,6 (n ° 2Z ' e 1 " 2> C ° nStrtU,e 8 blOCk 1 
nozzles have been divided into blocks 1 <B1) thro^ ^ i'SSSilM; 
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level "H"), a heat enable signal (ON A or AB), a block selection (Bi) signal and an odd/even -number selection signal 
(O or E)J satisfy the conditions is driven to jet ink from the nozzle. This will be described with reference to the arrange- 
ment of Fig. 6. 

First, if the aforesaid four signals, namely image data (H), heat enable (A), block selection signal (block V Bi ) and 
odd/even-number selection signal (odd: O) overlap at timing 80 in regard to nozzle 1-1, drive signals are sent to the 
drivers A 606, B 608 connected to the ink jetting heaters A 607, B 609, respectively, of nozzle 1 -1 because the heat 
enable signal is "AB". As a result, a large dot is formed by the nozzle 1-1. Next, if the aforesaid four signals namely 
image data (H), heat enable (A), block selection signal (B5) and odd/even -number selection signal (odd* O) overlap 
at timing 81 in regard to nozzle 1-9 of block 5 (because the head is mounted obliquely as shown in Fig 16) a drive 
signal is sent to the driver A connected to the ink jetting heater A of nozzle 1-9 because the heat enable signal is "A" 
As a result, a small dot is formed by the nozzle 1 -9. 

Next, if-simrtar processing is^executed fry-regard to nozzle 1-2 of block 1 and nozzle 1 -10 of block fr and. driving of 
nozzles up to nozzle 1 -8 of block 4 and nozzle 1 -1 6 of block 8 is finished, then one cycle of printing of large dots with 
respect to nozzles 1-1 through 1-8 and one cycle of printing of small dots with respect to the nozzles 1-9 through 1-16 
will be completed. Furthermore, when one cycle of printing of small dots with respect to nozzles 1-1 through 1-8 and 
one cycle of printing of small dots with respect to nozzles 1 -9 through 1 -1 6 are completed (only a part of such printing 
is illustrated), then this will complete a total of two cycles of printing comprising one cycle for large dots and one cycle 
for small dots with respect to all nozzles 1-1 through 1-16. 

The timing at which an image is thus formed is as illustrated in Fig. 1 4. This shows a dot arrangement on a recording 
medium in a case where printing has been performed upon making the ink jetting timing of each nozzle conform to an 
address corresponding to a resolution of 720 dpi x 360 dpi. Fig. 14 illustrates a state in which 2-bit print data in regard 
to each nozzle of all nozzles is Ml" (maximum density), a large dot is obtained from two cycles (32 dots) and a small 
dot is obtained from two cycles (32 dots). In other words, Fig. 14 shows a case in which two pixels have been formed 
by each nozzle. 

Described next will be an example in which a printing apparatus capable of forming these large and small dots is 
used in an actual printing system. 

Fig. 1 5 is a diagram illustrating the flow of data sent from the controller (CPU 200) of an ink-jet printing apparatus 
to the head 106. Components identical with those of the earlier drawings are designated by like reference characters 
and need not be described again. 

The CPU 200 controls the overall operation of the printing apparatus according to this embodiment. It should be 
noted that Fig. 15 illustrates the flow of signals only through portions related to the gist of this embodiment A RAM 
(random-access memory) 201 has a print buffer 21 0 for storing print data, a conversion data area 211 storing conversion 
data for converting pixel data, a decoding table 21 2 and a work area 21 3. Print data that has been stored in the print 
buffer 210 is data in which each pixel is composed of two bits. A gate array (G.A.) 202 reads print data which has 
been stored in the print buffer 210, out of the buffer by direct memory access (DMA). Ordinarily data is read out of the 
print buffer 210 at a multiple of one word (16 bits). Consequently, in regard to data in which each pixel consists of two 
bits, data enclosed by the frame indicated by the bold line in the array of data shown in Fig. 16 is read out by the gate 
array 202. A data converter 204 in Fig. 1 5 converts pixel data in accordance with conversion data. When multiple-pass 
printing is performed, the data converter 204 divides the data for each printing pass. A decoder 205 decodes (modu- 
lates) 2-bit print data in accordance with table data (modulation data) that has been stored in the decoding table 212 
The gate array 202 has a register 206, which includes a register 206a for storing data for forming a large dot and a 
register 206b for storing data for forming a small dot. 

Fig. 16 is a diagram for describing the timing at which ink is jetted from each nozzle of the print head The circles 
of large diameter indicate timings (large dots) at which large ink drops are jetted, and the circles of small diameter 
indicate timings (small dots) at which small ink drops are jetted. In the example of Fig. 16, only part of the print head 
(32 nozzles) having 256 nozzles is illustrated. This head is installed obliquely at a prescribed angle 0 with respect to 
the scanning direction (the horizontal direction in Fig. 16) of the head. 

In the first cycle, ink is jetted by driving two nozzles each simultaneously in the following manner: nozzles 1 -1 and 
1-17 for large dots, then nozzles 1-9 and 1-25 for small dots, then nozzles 1-2 and 1-18 for large dots, then nozzles 
1 -10 and 1 -26 for small dots, nozzles 1 -8 and 1 -24 for large dots, and nozzles 1 -16 and 1-32 for small dots In the 
next cycle, neighboring 2-bit data to the left of the data enclosed by the bold frame is read out before the start of this 
cycle. Ink is then jetted from two nozzles each simultaneously in the following manner: nozzles 1-1 and 1 -17 for small 
dots, then nozzles 1-9 and 1-25 for large dots, then nozzles 1-2 and 1-18 for small dots. By executing this processing 
in regard to all 32 nozzles, a total of 32 pixels are printed at maximum density (large and small dots). In the third cycle, 
in a manner similar to that of the first cycle, printing is performed by driving two nozzles each simultaneously in the 
following manner: nozzles 1 -1 and 1 -1 7 for large dots, then nozzles 1 -9 and 1 -25 for small dots, then nozzles 1 -2 and 
1-18 for large dots. In the example of Fig. 16, the 2-bit print data for each nozzle is "11' (maximum density) Further 
in regard to each pixel, ink is jetted so as to form a small dot first and then a large dot. It should be noted that this does 
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* by the data converter 204 and decoder 205 and«Tltr, ^ B embodiment, the data is converted 
pass printing and multiple-pass printing an embod menUo^ "9h several methods may be contemplated in case ol one- 
Fig. 17 is a diagram illustratho an exTmn^T P3SS Pnn,,n9 wi " be described first, 
is represented by L ^ °" °' ^ buffer 210 
and the large circles represent large dots The Sma " c,rcles in Fi 9 1 7 indicate small dots 

in accordance with the content (shown in Fta m Z^Zt lTT^ ^ l ° the prinf buffer 210 
•he 2-bit data of the print buffer 210, the pnnt data i 2£L * 11 Z 212 in con,orm «y 

206 of the gate array 202 by DMA while thifdeccJi^ 1 205 and is transferred to the register 

» printing is carried out, this print da.aVasses throS the d^ 9 ™ " Sh ° U ' d 66 n ° ,ed ,hat whe " °-4ass 

F.g. 17. the two higher order bits are SSafe oa Sr « a^SJT UnaffeC ' ed thS SXamp,e i,lus,ra, * d in 
chang.ng the content of the decoding table 21 2 anv de^ Tl , '° Wer ° rder bit to a sma " do < H °wever, by 

The situation for multiple-pass p'SSfg wLe deSrtoS 2 1 ^ ° b,ained ^ r6SpeC ' 2 " bit data 
nozzles of the print head are divided into n blocks !n 3 T,S «f ? IV* 86 ' 38 dSpiC,ed in F ' 9 1 8 - ™» °» 
- sub-scan direction by the length of the ZTl^ ZnZZll* 'VT *"""*" '* f6d in tha 

polated data is printed every scan to complete the Image * ^ head makes one scan, and inter- 

«he - It^^ iS « ^ scan by a ,ength eguivalent to one-third 

prin tl ng method is such that when CX^a^Se^TT" ?T alem t0 ° ne band) The — entiona. 
« the recording medium is fed in the sub-scan dire^ 

print the image that was subsampled in the pSina Z* 6 ™™ 0 ™ dire ction is carried out again to 
accordance with the present invention. 2-brt ^TZmZTlnnT * T^" 9 ** ° f the ima 9* 

printing in each scan, and a decoding functk>n t \ IT S,m " ar l ° ' hat describ ed above, in regard to 
conversion in this example) to l^^i^J",^^ al «*™<*>» ^o" (data 

Th.s function will be described with reference to Fig 19 eXpresS,on 

iscre^~ 

results o, decoding in each pass are indicated afXo *T °' ^ RAM 201 The 
three passes is indicated at 163. It should be noted that F o IS H hZ L ^ °' prin,in9 ,he 2 - bit da,a b V 

that the invention is not limited to this examole ZV^lt . 8 8 mere example and 11 9° es ™thout saying 
2-bit data are distributed evenly in the Z^er o" ranZ 1^ """f"* arran9eme "< °< °"s, the items of 
completely eliminate the difference in number o Zeach , ?" mBta8 1 P ° SSib,e to 

output (dot formation) of a firs, pass, 161 a ^ToZT2t il^ ^ ! * ^ " & ° h F » 1 9 indica,es a decod * d 
(dot formation) of a third pass P (d ° l ,orma,,on ) °< a second pass and 1 62 a decoded output 

and ar^i^^ssr r is teken int ° consderatio - in - - - 

the dots evenly in each scan even in a case wner^he numbers of * " T* to * ,he Si2es of eacb of 

this function is used effectively, printing wh,ch is a clbinatioTnl k f W Sma " d °' S afS 6Xtreme, y one - sided « 
us,ng a head capable of forming ^geanolmZ in D a ^"°J hree ^ do,sa " d 'hreesmaH dots can be performed 
and random data conversion. This i -l contest oThe or or S m " lt,ple passes ' dec ° d '"9 hased upon 2 brt codes 
range up to a maximum of two dots a, £S? ^J^'SSri'?^ 22" °' ,0n6S " ''^ Wi,h 3 d ^ amic 
four tones from 16 as a selectable combination Funhe'rmSe d '" 9 *° ' n,semb ° d ' m e"t, it is possible to freely select 
printing a nd increasing the 2-bit codes to ^^S^^T^ ° f PaSS6S °' ^""'P'e-pass 

dynamic range can be widened. An arrangement^* aZ,^' re ^' 0n K Capabi,i, y can b e improved markedly and 
possible, without the number of modulation! b'ngTmited to Mh'eTwo tots ,0ne modula «-s are made 

F,g. 20 is a flowchart illustratingprintinqproce JiZ in l^nl lar9e a " d Sma " do,s 

ing is executed under the control of tZ ^Cp5 200 This nZZ ' """'^ aCC ° rdin9 * * hiS embod *-ent. This process- 

-tepsrre^^ 

S3, at which the head is driven to perform priming (the Zchan^p" C ,imi ° 9 a ™ eS ' C ° ntr °' proceeds to ««^P 
followed by step S4, at which i, is ^etermZ Ser cTSne o ' t ) " °" e °' n ° ZZ ' eS ° f ,he head ' This ^ 
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ended. A carriage return is performed and the recording paper is transported at step S5 by a length equivalent to the 
printing width. This is followed by step S6, at which it is determined the printing of one page has ended. Control returns 
to step S1 if one page of printing processing has not ended but proceeds to step S7 if one page of printing processing 
has ended. The paper on which printing has thus b en completed is ejected from the printer at step S7. 
s Processing (step S3 in Fig. 20) for driving the head in the ink-jet printer according to this embodiment will be 

described with reference to the flowchart of Fig. 21. 

Print data equivalent to one row of the nozzles of the print head is read out of the print buffer 210 at step S11 . This 
data is passed through the data converter 204, decoded by the decoder 205 and set in the registers 206a, 206b of the 
gate array 202 (this is carried out by DMA) at step S12. The data that has been set in the registers 206a, 206b is 
10 transferred to the shift register 602 of the head 106 at step S13. According to this embodiment, heater A or heater B 
is driven in accordance with the corresponding print data, whereby each nozzle forms a tone pixel (comprising a max- 
imum of two bits) conforming to the tone of the print data. At step S14, therefore, it is determined whether the timing 
for driving the heaters A and B (namely the timing for forming a large dot) has arrived. If the decision rendered is "YES", 
then control proceeds to step S15, at which the block selection signal 624 and odd/even -number signal 625 are output 
is to decide the nozzle positions at which the heaters A, B are driven substantially simultaneously. The signals 626, 627 
for driving the heaters A, B are output. When this drive is performed, the heaters are driven by driving pulses conforming 
to the type of ink used, as illustrated in Fig. 1 2 described above. As a result, if data corresponding to a selected nozzle 
is "1 then a large dot is formed by this nozzle. When an ink tank containing ink of ordinary density has been installed 
in this case, the heaters A, B are both driven by double pulses. When an ink tank containing ink of high density has 
been installed, heater A is driven by a single pulse and heater B by a double pulse (see Fig. 12). 

Next, control proceeds to step S16, at which it is determined whether the drive timing solely for heater A (the drive 
timing for printing a small dot) has arrived. If the answer is "YES*, then control proceeds to step S17, at which the block 
selection signal 624 and odd/even -number signal 625 are output to decide the nozzle position at which the heater A 
is driven. The heating signal 627 is then output. As a result, if data corresponding to this nozzle is "1 p , then a small dot 
2$ is formed by this nozzle. When an ink tank containing ink of ordinary density has been installed in this case : the heater 
A is driven by double pulses. When an ink tank containing ink of high density has been installed, the heater A is driven 
by a single pulse (see Fig. 12). 

This is followed by step S1 8, at which it is determined whether all nozzles of the head have been driven to perform 
printing. If the decision rendered is "YES", control returns to the original processing. If the decision is "NO" : control 
30 proceeds to step S14, at which it is determined whether the drive timing of heaters A and B of the next nozzle has 
arrived (or whether the drive timing solely of heater A of the next nozzle has arrived), and printing is performed in 
successive fashion. 

Though not shown in the flowchart, the type of head cartridge (the type of ink) used in printing can be identified 
by the method described above with reference to Fig. 4, and the method of driving the heaters A and B and the driving 
frequency f are changed in dependence upon the type ink, thereby making it possible to obtain an image of higher 
quality. 

Fig. 22 is a flowchart illustrating processing in a case where printing is performed by three passes in this embod- 
iment. Steps identical with those of the flowchart shown in Fig. 21 are designated by like step numbers and need not 
be described again. 

Step S21 calls for n to be set to 3. After one scan is completed, the operation n = n-1 is executed at step S22. By 
performing head drive of steps S2 through S5 until the relation n = 0 is established at step S23, 3-pass printing can 
be realized with ease. Data printed in conformity with each scan of the head is created by the data converter 204 and 
decoder 205 of Fig. 15 at this time and, byway of example, is decoded as indicated by the numerals 160 through 162 
in Fig. 19. 

4 $ in the flowchart of Fig. 21, the heaters A, B are driven substantially simultaneously when a large dot is formed. 

However, as indicated in Figs. 23A through 23C described later, it is of course permissible to drive only the small heater 
291 when a small dot is formed and drive the large heater 292 , or both the large and small heater 291, 292 approxi- 
mately simultaneously when a large dot is formed. 

so [Second Embodiment] 

Figs. 23A : 23B and 23C illustrate examples in which the small heater 291 and large heater 292, which produce 
different amounts of heat, are provided inside one nozzle 290, with the positions of the heaters being different in each 
example. By driving only the small heater 291 , only the large heater 292 or both the small heater 291 and large heater 
292, an ink drop of an amount equivalent to that for forming any of three types of drops, namely a small dot, medium 
dot and large dot, can be jetted from an orifice 293. In a case where the head having the construction shown in Figs. 
23A through 23C is applied to the first embodiment described above, a relatively large dot and a relatively small dot 
can be formed by employing any drive method that drives only the small heater 291 , only the large heater 292 or both 
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the small heater 291 and large heater 292 substantially simu.taneously. 

men' « « ZZT * ** « * ^ » * ™^ ™dium * ^ above«fescnbed arrange- 

603?" ^^JrrisTeseT COrr88P ° rtdS *° ~ h - ha8 ^ h the ,ate circuit 

627 or the HEB signal 626, and the posS SSSEKES SSlTf 31 ,hiS time iS the HEA ^ 

particular block timing at which the pit data isTaTsed !o t^t ,e Ve ? f * " ***** d<3pendin9 Upon the 

as^nToSS^ 

are formed. recora.ng med.um when the above-mentioned large and small ink drops 

«orm™^^ atter ink is Jetted from a nozz.e when 

a problem will occur wherein when a larg f*f and a smaH do" are Z£7 " Accordin 9'» * is conceivable that 

positions at which the large and small dots are formL w« L . , ° rmed dUnng 0,16 scan of ,he P™« head, the 
image to develop texture d<3V,ate fr ° m each ° ,her ^9htly, thereby caus.ng the printed 

which^arTro^ 

at 240. In a case where the velocities of ink TJslZ^ZJT^ SUperposi,ion ^ a frame indicated 
fmings at which the ink drops for forminc ]Z ZT, % 7, T ° U,PUt U ° m ° ne noz2,e are the «me, the 

of the ink drop jetted from the orifice la is hfghe r lTn Z^bXl ^^T °™* 13 iS driven ' ,he vetoc ^ 
nozzle were driven. Accordingly, when a doHnlhe ZZZ 2^0 of Fia 24R f B 609 tocat9d d66per within the 

the timing at which a dot is formed in the frame J^by d^Mng the '^SSt^^ *T" B 6 ° 9 * haatod at 
orm.ng a small dot, then the heater A 607 is heated by Sno the ZaZ A S S ? ' " 9 3 Sma " hk df ° P f0r 
formrng a small dot at the frame 240 In this case the veX ! 5 ' hereby ,et,,ng a sma " ink dro P f °' 

[Third Embodiment] 

the nozzles of Figs. 23A through 23C. d ° tS are ,ormed as described in the case of 

^^^1% : r e m w: b d e s c r tsssssp a , print ,im,n9 ° f ° ne ^ — a ^- 

approximately the same position. co ™<*ered ,n wh.ch the three large, medium and small dots arc formed at 

(D When a small dot and a medium dot are formed at the same position 

Let V3 represent the velocity at which an ink drop for forming a small do, is jetted from the head, and let V2 <> V3) 
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represent the velocity at which an ink drop for forming a medium dot is jetted from the head. Since the spacing between 
the medium and small dots is one-third of a pixel, then we have the following relation from Equation (1 ) above: 

s f -L.(1 A/3 - 1 A/2) = 1 /3 (pixel) 

where f represents the driving frequency of the head and L represents the spacing between the nozzle tip and the 
recording paper. 

10 

If V2 = <x-V3 (ct>1) holds, then we have 
3M-(1/V3 - 1/aV3) = 3-f-L(a-1 )/aV3 = 1 

15 

This gives us 

MA/3 = a/3 (a-1) Eq. (2) 

20 

If f = 7 kHz, L - 1 mm and V3 = 6 m/s hold, then we have a = 1 .4. At such time V2 = 8.4 (m/s) holds. 



(2) When a small dot and a large dot are formed at the same position 

Let V3 represent the velocity at which an ink drop for forming a small dot is jetted from the head, and let V1 (> V3) 
represent the velocity at which an ink drop for forming a large dot is jetted from the head. Since the spacing between 
the large and small dots is two-thirds of a pixel, then we have the following relation from Equation (1) above: 



30 f-L-(1/V3- 1 A/1) = 2/3 (pixel) 

where f represents the driving frequency of the head and L represents the spacing between the nozzle tip and the 
recording paper. 

If V1 = P-V3 (p>1 ) holds, then we have 

35 

3.f-L-(1A/3 - 1/pV3) = 3.f-L(|3-1)/pV3 = 2 

This gives us 

40 

f-LA/3 = 2p/3((i-1) Eq. (3) 

If f = 7 kHz, L = 1 mm and V3 = 6 m/s hold, in a manner similar to that above, then we have p = 2.33. At such time 
45 V1 = 14 (m/s) holds. 

Accordingly, the large, medium and small dots will be superposed and formed at the same position if the jetted 
velocity V3 of an ink drop (about 15 pi) for forming a small dot is made 6 m/s, the jetted velocity V2 of an ink drop 
(about 25 pi) for forming a medium dot is made 8.4 m/s and the jetted velocity V1 of an ink drop (about 25 pi) for forming 
a large dot is made 14 m/s under the conditions f = 7 kHz, L = 1 mm. 
50 The following equation holds in view of Equations (2), (3) above: 



ot/(a-1)= 2p/(P-1) 

55 Thus it will be understood that if the relation a-p + a - 2|3 = 0 is satisfied, the three large, medium and small dots can 
be formed in superposition at the same position. 

By thus forming dots of three different sizes in overlapping form at the same position, a tone pixel can be expressed 
by each of the large, medium and small dots individually and by combining the small and medium dots, the small and 
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both so-called on-demand-type and continuous-hm* Z^L.. 7 1 4,740,796. This scheme is applicable to 

signs., which provides a sudden C^^^ a < «• drive 

recording information, loan electrothermal transducer arf«nSL f'lm boiling, is applied, in accordance with 

> a fluid (ink). As a result thermal enerovl foSSSE » ? ? to 1 f orre8 P ond to a sheet or passageway holding 
thermal working surface of Tphnt Tad a£S£ I afr buhT l ° brt " 9 3b ° Ut ,i,m boi,in 9 °" *! 

respondence withlhe drive signals £2o to SStS ™? , ,0rmed h ,he f,Uid (ink) in °^-to-one cor- 

orifice so as to form at least one LplH ^CiltSS f * ^ f ' Uid (i " k) is jetted via an 

bubbles can be made to take place raoidL /nH 9 f ? 1°™ ° f 8 PU ' S6 ' 9rowth and contraction of the air 
achieve fluid (ink, ^Ze^nZ^T^ ^ " Pre ' 6rred ~~ " *" b6 POSSib ' 6 l ° 

Signals described in the specifications of USP 4 463 359 and 4 od«; o«o . . 
pulse shape. It should be noted that even better TecoSa cL S ^ I T ^ 38 driVe pulses navin 9 ,his 
in the specification of USP 4,313,124 ^1^2^ ^ bV empl ° ying the COnditions described 
of the above-mentioned thermal workCsL rt ace re ' a, ' n9 ,0 th6 "*» °' increase in ,he temperature 

pasJa™ KinSSa Sffi^SST M — * Wbich - <^ d 
specifications, an arrangement usfng thT^^^t r Pnnt eaCh ° f the ab °ve-mentioned 

disclose elements disposed in an 31 fSSSl^ SpeCrf,Cat '° nS of USP 4 ' 558 .333 and 4,459,600, which 
possible to adopt an anangemem basL u^ 12^2 T?" 9 P ° rtl ° n * CUfVed ' be em P lo y ed F "nher, i, is 
a configuration having a ^^0^0^ ^^ F T N ° 59 " 123670 - which *«*••• 

^^r 0 Chr— 

itself is integrally provided with an ink tank apparatus, or of the cartridge type, in which the head 

thepreL^ 

Specific examples are prim headcaon^™^ ^ Z T P re P aratoI V a «xiliary means for the print head 

print head P-Ltin^ 

ducer or a combination of the transducer and me ZaZ , e Lr^n, 11 ! 9 Separa,e ,rom this trans ' 

a discharge of ink separate from a dfecte « ifo record™ ' x2 3 prel,m,nar V discharge mode for performing 
recording. discharge for recording purposes. These expedients are effective in achieving stable 

such^r^ 

of different colors or one full-coS SSS^TT Z ? ^ ° nG reC ° rdin9 head ,or a P luralit V 
head having an integrated structure ^TZZ^oT^ZZV^T « ** b * — * a P«" 

liquid at room tempera.ure In g^ral temoerlrL con, * r 5 * ^ tem P era,ure °' °ne which is a 

wfthin a stable ink jetting range b ^aSusZthfteLT " "1°^ ^ 3 manner ' ha ' ink viscosil V '*« 
of no ,ess than 30'C ,0 no greater than 7^2 Accord.^ T ? « ' itSe " 30 35 l ° ' 3 " Wi,hin 3 ,em P e ^ range 
is applied. 9 3n 70 ° Accordin 9'y. « «"« suffice to use an ink liquefied when the printing signal 

theirfrihe^i^ 

ink which solidifies when .eft £fi ^butwhich s iST^ f ^ " '* POrM ° * ^ 3 " 

for the first time by thermal energy such aTaTintSuT^ apP J Cat,on °' heat ln anv case ' which is liqu tied 
signal and jetted as a liquid ink'or k wSch has ZZ t^lT^ "IT* C ° n, ° rmin9 ,0 3 printi "9 

medium, can be applied to the present ilTnLn .n hfn T V * th6 m ° ment " reacnes tne recor ding 

these inks is the £~*mc££££^^ ^ '^'^ ' hS ™ St effec '- ^hod of dealing wi,h 
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The recording apparatus of the present invention may take on the form of an apparatus that is an integral part of 
or separate from an image output terminal of information processing equipment such as a computer, a copier in com- 
bination with a reader or the like : or a facsimile machine having a transmitting/receiving function. 

The present invention can be applied to a system constituted by a plurality of devices (e.g.. a host computer, 
interface, reader, printer, etc.) or to an apparatus comprising a single device (e.g., a copier or facsimile machine; etc.). 

Further, it goes without saying that the object of the present invention can also be achieved by providing a storage 
medium storing the program codes of the software for performing the aforesaid functions of the foregoing embodiments 
to a system or an apparatus, reading the program codes with a computer (e.g., a CPU or MPU) of the system or 
apparatus from the storage medium, and then executing the program. 

In this case, the program codes read from the storage medium implement the novel functions of the invention, and 
the storage medium storing the program codes constitutes the invention. 

Further, the storage medium, such as a floppy disk, hard disk, optical disk, magnetooptical disk, CD-ROM, CD- 
R, magnetic tape, non-volatile type memory card or ROM can be used to provide the program codes. 

Furthermore, besides the case where the aforesaid functions according to the embodiments are implemented by 
executing the program codes read by a computer, the present invention covers a case where an operating system or 
the like working on the computer performs a part of or the entire process in accordance with the designation of program 
codes and implements the functions according to the embodiment. 

The present invention further covers a case where, after the program codes read from the storage medium are 
written in a function extension board inserted into the computer or in a memory provided in a function extension unit 
connected lo Ihe computer, a CPU or the like contained in the function extension board or function extension unit 
performs a part of or the entire process in accordance with the designation of program codes and implements the 
function of the above embodiments. 

In the embodiments set forth above, examples in which recording is performed by scanning a print head are de- 
scribed. However, the invention is applicable also to an arrangement in which printing is performed using a full-line 
head, in which case the recording medium is moved. 

In accordance with the embodiments of the present invention described above, dots of a plurality of sizes can be 
formed on a recording medium even by a single scan through a very simple arrangement. 

Furthermore, the average printing ratio every scan of the head becomes an average value for each individual 
nozzle and it is possible to reduce the rate of errors such as ink discharge defects caused by printing at a high ratio. 
More specifically, since the amount of jetted ink is varied continuously for every nozzle, the average amount of jetted 
ink per nozzle declines even in a case where the printing ratio is high. As a result, it is possible to improve the refill 
frequency and improve upon the error rate. Furthermore, it is possible to lower momentary power, power supply cost 
can be reduced greatly and it is possible to prevent a decline in throughput caused by use of a power monitor or the like. 

Further, in accordance with the embodiments, a small ink drop having a low jetted velocity is jetted to perform 
printing before a large ink drop having a high velocity when printing is carried out by moving a print head and a recording 
medium relative to each other. As a result, large and small ink drops constituting one pixel are formed on the recording 
medium in substantial superposition. This makes it possible to print a high-quality image in which the occurrence of 
texture and the like is suppressed. 

Further, in accordance with these embodiments, a tone image that conforms to the density of ink used can be 
printed by changing the method of the driving the print head in dependence upon the density of the ink used for printing. 

The present invention is not limited to the above embodiments and various changes and modifications can be 
made within the spirit and scope of the present invention. Therefore, to apprise the public of the scope of the present 
invention, the following claims are made. 



Claims 



. An ink-jet printing apparatus in which ink jetted from an ink nozzle of a print head (1) is made to adhere lo a 
recording medium to form a pixel on the recording medium by the adhered ink, characterised by comprising: 

scanning means (6, 14) for scanning the print head ; which has a plurality of the ink nozzles, or the recording 
medium relatively to each other; and 

drive means (S3) for successively jetting at least two inks of mutually different velocities from the ink nozzles 
at prescribed timings in accordance with scanning by said scanning means in order to form the pixel; 
wherein distance between the ink nozzles and the recording medium, the prescribed timings at which the at 
least two inks are jetted and the velocities at which the at least two inks are jetted are controlled so as to satisfy 
a predetermined relationship in order that the at least two inks successively jetted from the print head by said 
drive means at the prescribed timings will adhere to the recording medium within said pixel. 
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timings; 6ly J6Ued ,rom ,he P nn » he *d by the drive means at the prescribed 



0<f-L.(Vl-V2)/Vl.V2< 1 0 



6. The apparatus according to any one of claim* o * ^ . 

which produce different amouJs ? °' heatin ° resislors ~9> 

and said al terin 9 means actuates said heat.g SSKS SXC^' 

heating resistors in different numbers or at dLen^nl LtV^S^imln^ a ' terin9 1716308 30,1,3,68 

inks are jetted and the veiocities a, which the ^EX^STl ^ P™"** tfmin9S * *"* the at ,east 
tionship in order that the at least two inks successteivtt 2 , '.l S ° 38 ,0 Sa,iSfy 1he P^etermined rela- 
scribed timings wil. adhere to the .^^ES!^^" ^ head by lhe drive at the pre- 

9- The apparatus according to claim 6 or 7, characterised by further comprising: 
identifying means for identifying type of ink used by the print head and 

up^n EE ond^i^r^^ P'"-V or -ting resistors in dependence 

10. The apparatus according to any one of Cairns 1-9, characterised by further comprising: 

^n^ 

memory means (212) for storing the modulating data 
said modulating data being rewritable. 

11. The apparatus according to Cairn 10, characterised by further comprising. 

to each recording scan and P °" ,he modu,a,, "3 data to create data corresponding 

~ Si 7x5 ss^s^'ii~r in - saia p *' — - a •« — * <»- 

anargy appl 1M ,„ lhe ink p ™ noM hav "9 a "»™al anargy ga„a,a,i„ 9 lo , 9e „„ a , ing m ' erma » 
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13. An ink-jet printing method in which ink jetted from an ink nozzle of a print head is made to adhere to a recording 
medium to form a pixel on the recording medium by the adhered ink, characterised by comprising the step of: 

scanning (S1 ) the print head or the r cording medium relatively to each other: and 

successively jetting (S3) at least two inks of mutually different velocities from the ink nozzles of the print head 
at prescribed timings in accordance with scanning, in order to form a plurality of dots which form the pixel 
wherein distance between the ink nozzles and the recording medium, the prescribed timings at which the at 
least two inks are jetted and the velocities at which the at least two inks are jetted are controlled so as to satisfy 
a predetermined relationship in order that the at least two inks successively jetted from the print head by said 
drive step at the prescribed timings will adhere to the recording medium within said pixel. 

14v=The method according to claim 13, characterised by further comprising an altering step (S15, S17) of making 
different the jetted amounts of the at least two inks successively jetted from the print head at the prescribed timings- 
said altering step making the jetted amounts of the at least two inks different in order to form a comparatively 
large dot and a comparatively small dot. 

16. The method according to claim 14, characterised in that the velocity of the ink that forms the comparatively large 
dot is higher than the velocity of the ink that forms the comparatively small dot. 

16. The method according lo claim 14 or 15, characterised in that an ink drop for forming the comparatively small dot 
is jetted before an ink drop forming the comparatively large dot in regard to a certain pixel. 

17. The method according to claim 15. characterised in that a jetting frequency f at which ink is jetted to form dots of 
the same size, spacing L between the nozzles of the print head and the recording medium and jetting velocities 
V1, V2 (V1 > V2) at which ink is jetted to form the dots having the different sizes are related as follows: 

0<H_.(V1-V2)/V1.V2< 1.0 

18. The method according to any one of claims 13-17, characterised in that a plurality of heating resistors which 
produce different amounts of heat from one another are provided to correspond to each of the ink nozzles and 
said altering step actuates said heating resistors successively or simultaneously at a prescribed timing. 

19. The method according to any one of claims 14-17, characterised in that a plurality of heating resistors are provided 
at different positions to correspond to each of the ink nozzles, and said altering step actuates heating resistors in 
different numbers or at different positions at a prescribed timing. 

20. The method according to any one of claims 1 3-1 9, characterised by further comprising a control step of controlling 
the distance between the ink nozzles of the print head and the recording medium, the prescribed timings at which 
the at least two inks are jetted and the velocities at which the at least two inks are jetted so as to satisfy the 
predetermined relationship in order that the at least two inks successively jetted from the print head by said drive 
step at the prescribed timings will adhere to the recording medium within said pixel. 

21. The method according to claim 18 or 19, characterised by further comprising: 

a step of identifying type of ink used by the print head; and 

a step of changing driving method of each of the plurality of heating resistors in dependence upon results of 
identification. 

22. The method according to any one of claims 1 3-21 , characterised by further comprising the step of: 

converting multilevel recording data to modulated recording data modulated based upon modulating data. 

23: The method according to any one of claims 1 3-22, characterised by further comprising: 

a recording-scan data creating step of dividing the recording data into data corresponding to each recording 
scan, and changing the divided data based upon the modulating data to create data corresponding to each 
recording scan; and 

a multiple-pass control step of performing recording by a plurality of scans based upon the recording data that 
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has been created by said recording scanning data creating step. 

ZE$ ZZllT^ ^ Prin ' h6ad ' WhlCh h3S 3 ° f "» ™ nozzles, or the recording medium 

« ve,oc«ies trom the inK nozzle at 

contro, means —ingtof^ 
2S ' C,3im ^ Ch8raCteriSed h ,ha ' "» ink - — -V low vekxity is an inK o, re.ative.y 

26 ^ttZZZSS^ 

scanning the print head, which has a plura.ity o, the inK nozz.es, or the recording medium re,ative,y to each 

^^X^^X^ di " erenl Ve,OCi,ieS «™ - * ~ - P— timings 
controHing to first jet an inK of relatively low velocity in the a. least two inks. 

2 \mr n ^ 

28 - ^^z: 9 z^^:^:^^^ — * — * ima9e data repre . 

medium so as to enable the print t&TZ£J££Z l?* 9 ? "* * ^ head across a record "9 
causing successive ink droptets for forrSnX JST TT'"'" ^ COntr0 ' meanS are P rovided f °' 
at different velocities. 9 eCOrC " n9 P ' Xel to be e ' ected to ««rds the recording medium 

se^gln^ -dium in accordance with image data repre- 

med.um so as to enable the print hea'dT ESiSSSS ecoSnomJ" "* *Z ^ head aCr ° SS 3 recordin 9 
causing successive inK droplets for forming the sTme rl™ 9 71 u Um ^ COntrol means are P rovided ■<* 

the recording medium such'that the SSlSS^SSX^ * ^ ^ head '° WafdS 

recording pixel. P y lncreases for successive droplets ejected to form the same 

casing ink droptets to, fcJhg th 2™ ^cSLTto T ? ™* °°" M means ars •»»»»«' '» 
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